
XII. OLD O I L  FIELD WATERPLOOD OPERATIONS AND 
ENHANCED O I L  RECOVERY POTENTIAL 

A. INTRODUCTION 

S u b s t a n t i a l  emphasis has  been placed on secondary and enhanced o i l  

recovery techniques i n  r ecen t  yea r s .  Research i n  enhanced o i l  recovery 

advanced because of h igher  e x p l o r a t i o n  c o s t s ,  increased  demand f o r  petroleum 

products ,  and decreased replacement of domestic reserves .  

Usual ly ,  only 5 t o  30 percent  of a  r e s e r v o i r ' s  o r ig ina l -o i l - i n -p l ace  

(OOIP) can be recovered by prima.ry product ion.  A s  much a s  30 percent  more of 

t h e  OOIP may be recovered by supplementing primary energy wi th  secondary 

recovery techniques.  I n  s e l e c t e d  r e s e r v o i r s ,  an a d d i t i o n a l  30 percent  of t h e  

OOIP may be recovered by a p p l i c a t i o n  of t e r t i a r y  o r  enhanced o i l  recovery  

processes .  

Primary product ion accounted f o r  approximately 7 percent  recovery of t h e  

OOIP i n  New York S t a t e ' s  o l d  o i l  f i e l d s .  Secondary recovery by water f looding  

has  r e s u l t e d  i n  an average recovery  of an a d d i t i o n a l  14 percent  of t h e  OOIP. 

Waterflooding i n  t h e  o l d  o i l  f i e l d s  has cont inued t o  t h e  presen t .  Twenty- 

e i g h t  percent  of 1986 o i l  product ion i n  New York i s  a t t r i b u t e d  t o  t h i s  

technique.  

During i n i t i a l  f i e l d  development, t h e  opera tor  s t r i v e s  t o  recover  a s  much 

o i l  and gas  a s  pos s ib l e  dur ing  t h e  primary s t a g e  of product ion by e f f i c i e n t l y  

u t i l i z i n g  t h e  r e s e r v o i r ' s  n a t u r a l  energy t o  d r i v e  o i l  through t h e  rock pores  

and i n t o  t h e  producing we l l s .  This  n a t u r a l  energy r e s u l t s  from: 1 )  t h e  

downward expansion of gas  ove r ly ing  t h e  o i l  ( ga s  cap d r i v e ) ;  2 )  t h e  expansion 

of gas  i n  t h e  o i l  ( s o l u t i o n  gas  d r i v e ) ;  3 )  water i n t r u s i o n  i n t o  t h e  o i l -  

bear ing  zone from an a q u i f e r  (water  d r i v e )  and; 4 )  t h e  fo rce  of g r a v i t y  

( g r a v i t y  d r i v e ) .  I n  many r e s e r v o i r s ,  a l l  f ou r  d r i v e  mecllanisms may be 

p re sen t ,  but  only one o r  two recovery mechanisms w i l l  dominate. During the  



l i f e  of a  r e s e r v o i r ,  s h i f t s  i n  recovery mechanisms may occur.  For example, a  

volumetric r e se rvo i r  under s o l u t i o n  gas d r i v e  may s h i f t  t o  a  g r a v i t a t i o n a l  

d r i v e  a f t e r  t h e  n a t u r a l  pressure  i s  deple ted .  

The purpose of t h i s  chapter  i s  t o  examine t h e  various methods of enhanced 

o i l  recovery and t h e i r  impacts i n  New York S ta t e .  . .  

B. DEFINITIONS 

The l i t e r a t u r e  concerning o i l  recovery methods employed a f t e r  primary 

production has d i f f e r e n t  d e f i n i t i o n s  f o r  secondary and t e r t i a r y  recovery 

opera t ions .  Some authors  r e s t r i c t  "Enhanced O i l  Recovery" t o  the t e r t i a r y  

mode while o the r s  consider  i t  t o  inc lude  both secondary and t e r t i a r y  recovery. 

Others view secondary opera t ions  involving water o r  gas i n j e c t i o n  i n  

conjunct ion with any add i t ives ,  chemicals o r  o ther  gases,  a s  t e r t i a r y  

techniques. For the  purpose of t h i s  t e x t ,  the  terms secondary and t e r t i a r y  

w i l l  apply t o  t h e  order  i n  which an opera t ion  i s  conducted r a t h e r  than any 

a c t u a l  c h a r a c t e r i s t i c s ,  and the  term enhanced recovery w i l l  include a l l  

recovery methods o ther  than those dependent on a  r e s e r v o i r ' s  i n t e r n a l  energy. 

Specif ic . . rock and r e s e r v o i r  p r o p e r t i e s  must be defined p r i o r  t o  d iscuss ing  
2' ' 

enhanced recovery methods. I d e a l l y ,  these  p rope r t i e s  a r e  determined from d a t a .  

gathered during the  d r i l l i n g  and primary production phases. However, i t  

should be noted t h a t  most o i l  we l l s  i n  New York predate t h e  use of 

soph i s t i ca t ed  petroleum engineering d a t a  gathering and ana lys i s  techniques. 

During or  immediately a f t e r  t he  d r i l l i n g  of a  we l l ,  core samples may be 

obtained and we l l  logging opera t ions  a r e  conducted t o  analyze the  pay zone. 

These i n i t i a l  t e s t s  provide t h e  engineer with enough information t o  determine 

whether the  we l l  should be completed o r  plugged and abandoned. Spec i f i c  

information which i s  l a t e r  used t o  eva lua te  the  app l i ca t ion  of enhanced 

recovery methods i s  a l s o  gathered a t  t h i s  time. The following phys ica l  da t a  

a r e  e s s e n t i a l  f o r  such an eva lua t ion:  



1. Permeabi l i ty  - i s  t h e  a b i l i t y  of t h e  rock t o  a l low f l u i d  movement 

through i ts  in te rconnec ted  pores .  For r e s e r v o i r  a n a l y s i s ,  t h e  fol lowing terms 

a r e  der ived  from permeabi l i ty:  

a .  e f f e c t i v e  permeabi l i ty  - i s  determined f o r  a  given f l u i d  a t  a  

s a t u r a t i o n  l e s s  than 100 percent  and i s  t h e  f l u i d  conduc t iv i t y  

of t h e  porous media a t  a  given s a t u r a t i o n  where ,o ther  f l u i d s  

a r e  presen t .  

b. abso lu t e  permeabi l i ty  - i s  t h e  permeabi l i ty  of a  rock t h a t  

t r a n s p o r t s  a  s i n g l e  f l u i d  a t  100 percent  s a t u r a t i o n .  This  term 

i s  most u s e f u l  when determining r a t e s  of product ion o r  

i n j e c t i o n .  

c .  r e l a t i v e  permeabi l i ty  - i s  t h e  r a t i o  of t h e  e f f e c t i v e  

permeabi l i ty  t o  t h e  abso lu t e  permeabi l i ty .  

2 .  Poros i ty  - i s  t h a t  f r a c t i o n  of t h e  rock volume occupied by pore space. 

3. Sa tu ra t i on  - i s  t h e  percentage of pore volume occupied by a  s p e c i f i c  

f l u i d  such a s  gas ,  o i l  o r  water .  

4. W e t t a b i l i t y  - i s  t h e  tendency of one f l u i d  t o  spread on o r  adhere t o  

t h e  rock su r f ace .  

5. F lu id  v i s c o s i t y  - i s  t h e  a b i l i t y  of a  f l u i d  t o  r e s i s t  flow. The l e s s  

v i scous  a  f l u i d ,  t h e  g r e a t e r  i t s  mobi l i ty .  (Typical  v i s c o s i t y  of t h e  l i g h t  

o i l  produced i n  New York ranges from 2 t o  6 c e n t i p o i s e  w i th  corresponding 

g r a v i t i e s  of 37" t o  43" API.) 

6.  Original-oi l - in-place - i s  t h e  po r t i on  of t h e  t o t a l  pore volume 

occupied by o i l  a t  i n i t i a l  cond i t i ons  and i s  determined volumet r ica l ly  from 

a n a l y s i s  of co re s  and logs .  

7. Recovery f a c t o r  - i s  t h e  percentage of o r i g i n a l  o i l  i n  p l ace  which can 

be recovered by t h e  a p p l i c a t i o n  of a  s p e c i f i c  recovery mechanism. 

Although o t h e r  s i g n i f i c a n t  parameters a r e  involved,  t h e  above information 



i s  t h e  b a s i c  d a t a  n e c e s s a r y  f o r  an e v a l u a t i o n  of t h e  p o t e n t i a l  f o r  enhanced 

recovery .  

During t h e  pr imary p r o d u c t i o n  phase ,  o t h e r  r e s e r v o i r  c h a r a c t e r i s t i c s  a r e  

e v a l u a t e d  which i n c l u d e  t h e  fo l lowing :  

1. Homogeneity of r e s e r v o i r  - i s  t h e  d e g r e e  of c o n s i s t e n c y  i n  a  r e s e r v o i r .  

The homogeneity can  be  approximated by a n a l y z i n g  w e l l  i n t e r f e r e n c e  t e s t s ,  

p roduc t ion  and p r e s s u r e  h i s t o r i e s ,  c o r e  d a t a  and l o g s ,  and o t h e r  

p e t r o g r a p h i c  and s t r a t i g r a p h i c  in format ion .  

2 .  Dip - i s  t h e  average a n g l e  of i n c l i n a t i o n  from h o r i z o n t a l  of t h e  s t r a t a  

i n  a  r e s e r v o i r .  

3.  D i f f u s i v i t y  - i s  t h e  d e t e r m i n a t i o n  of t h e  r a t e  a t  which a  f l u i d  w i l l  

r e a d j u s t  i n  response  t o  a  p r e s s u r e  d i s t u r b a n c e  i n  t h e  r e s e r v o i r .  

Although t h e s e  f a c t o r s  a r e  i m p o r t a n t ,  d i p  and d i f f u s i v i t y  a r e  not  

commonly cons idered  i n  New York due t o  t h e  r e l a t i v e  m a t u r i t y  and h o r i z o n t a l  

n a t u r e  of t h e  S t a t e ' s  o i l  r e s e r v o i r s .  

The b e s t  method f o r  de te rmin ing  t h e  f e a s i b i l i t y  of a  f u l l  s c a l e  enhanced 

recovery  o p e r a t i o n  is t h e  p i l o t  p r o j e c t .  E s p e c i a l l y  u s e f u l  i n  undeveloped 

a r e a s ,  a  p i l o t  p r o j e c t  is a  min i -opera t ion  des igned  t o  a s s e s s  t h e  performance 

of t h e  enhanced recovery  t echn ique  b e f o r e  l a r g e  q u a n t i t i e s  of c a p i t a l  a r e  

committed t o  a  f u l l  s c a l e  p r o j e c t .  The l o c a t i o n  of t h e  w e l l s  i s  chosen t o  

b e s t  r e p r e s e n t  t h e  m a j o r i t y  of t h e  r e s e r v o i r .  The o p e r a t i n g  c o n d i t i o n  of t h e  

p i l o t  w e l l s  must be  c l o s e l y  moni tored f o r  a n  a c c u r a t e  e v a l u a t i o n  of t h e  

p r o j e c t .  

The i n f o r m a t i o n  d e r i v e d  from a  p i l o t  is used t o  b e t t e r  e v a l u a t e  t h e  

fo l lowing :  

1. Incrementa l  o i l  r ecovery  

2.  Optimum p a t t e r n  c o n f i g u r a t i o n  

3 .  S a t u r a t i o n  d i s t r i b u t i o n s  



4 .  A r e a l  sweep e f f i c i e n c y  - t h e  r a t i o  of t h e  volume swept a t  any t ime t o  t h e  

t o t a l  volume s u b j e c t  t o  i n t r u s i o n .  

5.  M o b i l i t y  - t h e  r a t i o  of t h e  p e r m e a b i l i t y  t o  v i s c o s i t y  w i t h  a  s i n g l e  f l u i d  

i n  r e s e r v o i r .  When one f l u i d  i s  d i s p l a c e d  by a n o t h e r ,  t h e  m o b i l i t y  r a t i o  

i s  d e f i n e d  a s  m o b i l i t y  of t h e  d i s p l a c i n g  f l u i d  t o  t h a t  of t h e  

d i s p l a c e d  f l u i d .  

C .  WATERFLOODING 

1. Genera l  

When t h e  economic l i m i t  of a  f i e l d  under  t h e  pr imary s t a g e  of p r o d u c t i o n  

i s  reached ,  a  d e t e r m i n a t i o n  must be made a s  t o  t h e  f u t u r e  p r o d u c t i o n  p o t e n t i a l  

of t h e  f i e l d .  The a p p l i c a t i o n  of one o r  more enhanced r e c o v e r y  t e c h n i q u e s  may 

be  war ran ted  based on r e s e r v o i r  c h a r a c t e r i s t i c s  and p a s t  p r o d u c t i o n  

performance.  Although w a t e r f l o o d i n g  i s  t h e  most commonly a p p l i e d  secondary  

r e c o v e r y  method, o t h e r  enhanced r e c o v e r y  t e c h n i q u e s  u t i l i z i n g  m i s c i b l e  f l u i d s ,  

c h e m i c a l s ,  o r  h e a t  may be a p p l i e d  based on t h e  c h a r a c t e r i s t i c s  of t h e  

r e s e r v o i r  r o c k  and f l u i d s .  A p roduc t ion  p o t e n t i a l  of 1 ,000  - 2,000 b a r r e l s  

p e r  a c r e - f o o t  i s  a  g e n e r a l l y  a c c e p t e d  minimum y i e l d  f o r  i n i t i a t i o n  of a  

w a t e r f l o o d .  O i l  p r i c e ,  w a t e r  a v a i l a b i l i t y ,  c o n s t r u c t i o n  c o s t s ,  d r i l l i n g  

and /o r  workover c o s t s ,  e t c . ,  w i l l  a l s o  a f f e c t  t h e  u l t i m a t e  f e a s i b i l i t y  of t h e  

p r o j e c t  . 
The amount of o i l  d i s p l a c e a b l e  by w a t e r  can  be determined from r e l a t i v e  

p e r m e a b i l i t y  d a t a  and c o r e  t e s t i n g .  T y p i c a l  s a n d s t o n e s  can  be f l o o d e d  t o  a  

r e s i d u a l  o i l  s a t u r a t i o n  of 10 - 40 p e r c e n t .  Carbonate  r e s e r v o i r s ,  which may 

have e x t r e m e l y  compl ica ted  pore  g e o m e t r i e s ,  can have much lower d i sp lacement  

e f f i c i e n c i e s .  I n  s a n d s t o n e s ,  t h e  r e s i d u a l  o i l  s a t u r a t i o n  t o  w a t e r f l o o d i n g  i s  

a l s o  governed by t h e  i n t e r f a c i a l  t e n s i o n  a t  t h e  o i l l w a t e r  phase  boundary. 

Abso lu te  p e r m e a b i l i t y  and homogeneity i n  t h e  pay zone and t h e  m o b i l i t y  



r a t i o  of t h e  o i l  and water  a r e  c r i t i c a l  t o  sweep e f f i c i e n c y .  However, 

i n j e c t i o n  w e l l  l o c a t i o n s  and complet ion methods a r e  a l s o  impor tan t .  

A f t e r  dec id ing  t o  i n i t i a t e  a  wate r f lood  o p e r a t i o n ,  t h e  o p e r a t o r  w i l l  

choose a  we l l  p a t t e r n .  The m a j o r i t y  of wate r f lood  o p e r a t i o n s  i n  t h e  U.S. 

u t i l i z e  t h e  " f ive-spo t"  wate r f lood  c o n f i g u r a t i o n .  F igure  1 2 . 1  i n d i c a t e s  t h i s  

and o t h e r  f l ood ing  p a t t e r n s .  

The f ive-spo t  p a t t e r n  o f f e r s  qu ick  response  and good sweep e f f i c i e n c y ,  and 

i t  conforms w e l l  t o  e x i s t i n g  spac ing  p a t t e r n s .  V a r i a t i o n s  may be advantageous 

t o  s p e c i f i c  recovery  ope ra t i ons .  Gene ra l l y ,  p e r i p h e r a l  and l i n e  d r i v e  

i n j e c t i o n s  o f f e r  b e t t e r  recovery  e f f i c i e n c i e s  i n  fo rmat ions  w i th  extreme 

s t r u c t u r a l  r e l i e f .  Also,  p e r i p h e r a l  o r  l i n e  d r i v e s  may use  l e s s  water  than  

p a t t e r n  f l oods .  

Once t h e  op t imal  p a t t e r n  ha s  been determined,  t h e  o p e r a t o r  must cons ide r  

i n j e c t i o n  w e l l  complet ions ,  t h e  q u a l i t y ,  q u a n t i t y  and a v a i l a b i l i t y  of wate r ,  

wa te r  t r e a tmen t ,  i n j e c t i o n  equipment, s t o r a g e  f a c i l i t i e s ,  o p e r a t i n g  p r e s s u r e s ,  

and t h e  mechanical  cond i t i on  and maintenance of t h e  i n j e c t i o n  and produc t ion  

w e l l s .  

I n j e c t i o n  w e l l s  can be d r i l l e d  o r  conver ted from e x i s t i n g  produc t ion  

we l l s .  Converted w e l l s  should undergo a  thorough t e s t i n g  program t o  ensure  

i n t e g r i t y .  

Water d i s p o s i t i o n  i s  a  c r u c i a l  c o n s i d e r a t i o n  i n  any wate r f lood  p r o j e c t .  

A f t e r  s ecu r ing  i t s  a v a i l a b i l i t y ,  t h e  o p e r a t o r  must de s ign  t h e  t rea tment  and 

wate r  handl ing  f a c i l i t i e s .  

Water r e t r i e v e d  from f r e shwa te r  sou rce s  can c o n t a i n  l a r g e  amounts of 

oxygen, suspended s o l i d s  and b a c t e r i a  which r e q u i r e  t r e a t i n g .  I n j e c t i o n  water  

should be p r o t e c t e d  from t h e  atmosphere and i n j e c t e d  immediately a f t e r  

f i l t r a t i o n .  Anaerobic sulphate-based b a c t e r i a  t h a t  must be e l im ina t ed  a r e  

o f t e n  found i n  produced wa t e r s .  Knowledge of t h e  i n j e c t i o n  and format ion 





wate r  i s  e s s e n t i a l  t o  avoid  such p r e c i p i t a t e s  a s  i r o n  o x i d e ,  i r o n  s u l f i d e ,  

ca lc ium c a r b o n a t e ,  ca lc ium s u l p h a t e ,  and barium s u l p h a t e .  S u l p h a t e  

p r e c i p i t a t e s  a r e  i n s o l u b l e  and a r e  t h e  most damaging bu t  t h e s e  p r e c i p i t a t e s  

c a n  be p reven ted  th rough  t h e  use  of  po lyphospha tes ,  phospa te  e s t e r s  and 

phosphanates .  

O p e r a t o r s  must a l s o  t r e a t  t h e  i n j e c t e d  f l u i d s  t o  avo id  r e s e r v o i r  p lugg ing ,  

s h a l e  s w e l l i n g ,  and c o r r o s i o n  of  s u r f a c e  and down-hole equipment.  

There  a r e  two t y p e s  of i n j e c t i o n  sys tems;  open and c l o s e d .  I n  t h e  open 

sys tem,  wa te r  i s  o b t a i n e d  from s u r f a c e  w a t e r s  o r  f r e s h  water  w e l l s .  I n  t h e  

c l o s e d  sys tem,  produced w a t e r  i s  r e c y c l e d  and r e - i n j e c t e d .  The w a t e r  may be  

t r e a t e d  c h e m i c a l l y  and by a e r a t i o n  and s e d i m e n t a t i o n  p r o c e s s e s  b e f o r e  

i n j e c t i o n  a l t h o u g h  some o p e r a t o r s  a t t e m p t  t o  keep a l l  d i s s o l v e d  c o n s t i t u e n t s  

i n  s o l u t i o n .  F l u i d s  used i n  t h e  open sys tem r e q u i r e  more t r e a t m e n t  t h a n  t h e  

c l o s e d  system. 

O p e r a t i o n  of a n  i n j e c t i o n  sys tem r e q u i r e s  a  comprehensive o p e r a t i n g  and 

maintenance program. Regular  i n s p e c t i o n s  o f  t h e  w e l l s  and t h e  s u r f a c e  

p r o d u c t i o n  f a c i l i t i e s  must be  conducted.  Water q u a l i t y  and c o r r o s i o n  c o n t r o l  

a r e  p a r t i c u l a r l y  i m p o r t a n t .  

I n s p e c t i o n s  of i n j e c t i o n  w e l l s  s h o u l d  i n c l u d e ,  b u t  a r e  no t  l i m i t e d  to :  1. 

t e m p e r a t u r e ,  f lowmeter and r a d i o a c t i v e  t r a c e r  s u r v e y s  when c a s i n g ,  packer  

a n d / o r  t u b i n g  l e a k s  a r e  s u s p e c t e d .  2 .  a n n u l a r  p r e s s u r e  checks ,  3. we l lhead  

p r e s s u r e  s u r v e y s  t o  moni tor  i n j e c t i o n  p r e s s u r e  and f o r m a t i o n  p lugg ing ,  and 4. 

c a l i p e r  logg ing  t o  e n s u r e  t u b i n g  i n t e g r i t y .  

Fol lowing i s  a  d i s c u s s i o n  of  w a t e r f l o o d i n g  o p e r a t i o n s  i n  New York S t a t e  

i n c l u d i n g  an overview of t h e  Depar tment ' s  e x i s t i n g  r e g u l a t o r y  program. 

2 .  Wate r f lood ing  I n  New York 

Water i n j e c t i o n  was l e g a l i z e d  i n  New York i n  1919, a f t e r  t h e  pr imary 



energy i n  most of t he  e x i s t i n g  f i e l d s  was deple ted  and p r i o r  t o  t h e  

formulat ion of engineering concepts  and s t u d i e s  r e l a t i v e  t o  water i n j e c t i o n .  

This  does not mean t h a t  cu r r en t  waterflood opera t ions  do not adhere t o  sound 

engineering p r i n c i p l e s ;  i n  f a c t ,  t he se  f i e l d s  prompted t h e  e a r l y  d e t a i l e d  

engineering s t u d i e s  on waterf looding.  

The o i l  bearing sands c u r r e n t l y  being waterflooded i n  Allegany, Steuben 

and Cattaraugus count ies  meet t h e  c r i t e r i a  f o r  good waterf lood candida tes .  A 

t y p i c a l  co re  i n  an Allegany County f i e l d  might show a r e s e r v o i r  wi th  good 

upper and lower permeabi l i ty  b a r r i e r s  and no water encroachment. The pay zone 

i s  approximately 1 6  t o  22 f e e t  t h i c k  with 11 t o  1 5  percent  poros i ty .  O i l  

g r a v i t y  i s  4 1 "  t o  4 4 "  API, and o i l  s a t u r a t i o n  i s  approximately 6 5  t o  7 5  

percent .  S tudies  have shown t h a t  f i e l d s  wi th  these  c h a r a c t e r i s t i c s  a r e  good 

waterf looding prospects .  There a r e  many o i l  sands i n  New York which do not 

have adequate po ros i ty  and permeabi l i ty  f o r  a  successfu l  waterf lood.  

The o i l  f i e l d s  i n  western New York reached peak primary production i n  1882  

and a l l  time low production i n  1 9 1 2 .  A sharp  d e c l i n e  i n  primary production and 

low primary recovery a r e  t y p i c a l  of s o l u t i o n  gas d r i v e  r e s e r v o i r s  when n a t u r a l  

gas  i s  produced i n  an uncontrol led manner wi th  t h e  o i l  thereby d i s s i p a t i n g  t h e  

n a t u r a l  r e s e r v o i r  energy. This  had occurred by 1912  when each we l l  averaged 

only 1/8 t o  1/10 b a r r e l  of o i l  per day and i t  was est imated only  7  percent of 

the  o r i g i n a l  o i l  i n  place had been recovered (NYS Geological Associat ion,  1 9 5 7 ) .  

Figure 12.2  shows those o i l  f i e l d s  which a r e  being waterflooded. 

Waterflooding was discovered a c c i d e n t a l l y  p r i o r  t o  1907 when the  leaking  

of f reshwater  through f a u l t y  ca s ing  i n t o  t h e  o i l  sand of a  pressure  deple ted  

r e s e r v o i r  r e s u l t e d  i n  a  production inc rease  i n  o f f s e t  wel l s .  When the  cause 

of t he  production inc rease  was recognized, a  p r a c t i c e  of purposely making 

"leaks" i n  t he  cas ings  of o the r  we l l s  began (NYS Geological Associat ion,  

1 9 5 7 ) .  The f i r s t  documentation of t h e  pe r fo ra t ion  of cas ing  f o r  water 
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producing formation to a total depth of approximately 600 to 2,000 feet. 

Drill cuttings of the pay zone were saved and compared to electric logs (if 

any) to determine the "shoot" zone (NYS Geological Association, 1957). 

An early form of fracturing or stimulating a well, "the shot" was 

intended to break-up or fracture the producing formation to increase the rate 

of production or injection. Wells were shot with liquid nitro-glycerin which 

was lowered into the hole in thin metal containers to a point opposite the 

producing formation. An average shot would use 3 quarts of nitroglycerin per 

foot of producing formation and was detonated by a "squib" or "go-devil" 

containing two fused sticks of dynamite (NYS Geological Association, 1957). 

Before detonation, the well was filled with water to prevent the blast from 

expending itself up the hole. 

Stimulation methods have improved in effectiveness and safety over the 

years so that nitroglycerin is rarely used for fracturing in the oil and gas 

fields today. However, nitroglycerin may be a more effective stimulation 

technique in certain shallow reservoirs with very close spacing. The 

transition from nitroglycerin to other stimulation techniques evolved from the 

negative impacts related to nitroglycerin stimulation such as increased 

potential for wellbore and formation damage. 

While some.long-time oil producers still endorse nitroglycerin 

stimulation, such techniques have drastically declined over the past 10 - 15 

years. Evidence of this decline is best demonstrated by the fact that only 

one company now services New York's oil producing area and by the completion 

reports submitted to the Department from operator's engaged in step-out, 

infill, and perimeter drilling in waterflood areas. 

Completion of a water injection well usually consisted of running 2 inch 

tubing on a packer to just above the producing formation where it was cemented 



w i t h  approx imate ly  20 s a c k s  of cement (NYS G e o l o g i c a l  A s s o c i a t i o n ,  1957). The 

t u b i n g  was t h e n  connected t o  a  w a t e r  i n j e c t i o n  p l a n t  and each  w e l l  o r  i n j e c t o r  

s t a t i o n  was equipped w i t h  a  meter  t o  moni to r  t h e  amount of i n j e c t e d  wa te r .  

P r o d u c t i o n  w e l l s  were b a s i c a l l y  completed i n  t h e  same manner excep t  t h a t  

t h e  t u b i n g  was no t  u s u a l l y  r u n  on a  packer  o r  cemented. I f  t h e  producer  was 

t o  be pumped, a  pump b a r r e l  was r u n  on t h e  t u b i n g  and a  pump p lunger  i n s e r t e d  

w i t h  s u c k e r  r o d s .  The r o d s  were a c t i v i t a t e d  by e i t h e r  a  s i n g l e  w e l l  j a c k  o r  

by j a c k s  connected t o  a  c e n t r a l  power u n i t  (NYS G e o l o g i c a l  A s s o c i a t i o n ,  1957). 

Water f o r  t h e  f l o o d i n g  came mainly  from b o t h  s h a l l o w  and d e e p  f r e s h w a t e r  

w e l l s .  Some produced b r i n e  was a l s o  r e c y c l e d  f o r  i n j e c t i o n .  

A i r  l i f t  j e t  pumps were used on t h e  w a t e r  w e l l s  i n  t h e  e a r l y  days  of  

w a t e r f l o o d i n g  b u t  t h e s e  were soon  r e p l a c e d  by t u r b i n e s ,  s u b m e r s i b l e  pumps and 

s u c k e r  rod  pumping j a c k s .  The a i r  l i f t  pumps i n j e c t e d  l a r g e  amounts of  

d i s s o l v e d  oxygen i n t o  t h e  wa te r  w h i l e  t h e  o t h e r  pumps do not  i n j e c t  oxygen 

i n t o  t h e  sys tem,  t h e r e b y  r e d u c i n g  p i t t i n g  and c o r r o s i o n .  

F i l t e r e d  and t r e a t e d  w a t e r  was s t o r e d  i n  wa te r  t a n k s  b e f o r e  g r a v i t a t i n g  

t o  t r i p l e x  p o s i t i v e  d i sp lacement  pumps. The pumps provided t h e  p r e s s u r e  

n e c e s s a r y  f o r  i n j e c t i o n ,  u s u a l l y  0.5 t o  1.3 pounds pe r  s q u a r e  i n c h  p e r  f o o t  of  

d e p t h  o r  800 - 1,300 p s i g  s u r f a c e  p r e s s u r e .  The average  r a t e  of i n j e c t i o n  was 

1/2 b a r r e l  of w a t e r  p e r  day pe r  f o o t  of  sand (NYS G e o l o g i c a l  A s s o c i a t i o n ,  

1957). 

Annular gas  was f l a r e d - o f f  o r  u t i l i z e d  t o  run  e n g i n e s  and f u r n i s h  h e a t  on 

t h e  l e a s e .  The o i l  and wa te r  were p iped th rough  2 i n c h  l i n e s  t o  a  g r a v i t y  

s e p a r a t o r  where t h e  o i l  was s iphoned i n t o  wooden s t o c k  t a n k s  f o r  s a l e .  The 

w a t e r  was s e n t  t o  s e t t l i n g  ponds b e f o r e  b e i n g  d i s c h a r g e d  i n t o  s u r f a c e  

s t r e a m s .  Gas from t h e  s e p a r a t o r  was r e t u r n e d  t o  t h e  l e a s e  g a s  l i n e  sys tem o r  

f l a r e d .  S tandard  s t o c k  t a n k s  were 10 f e e t  h i g h  by 10 f e e t  i n  d i a m e t e r  and 

h e l d  140 b a r r e l s  (NYS G e o l o g i c a l  A s s o c i a t i o n ,  1957). 



A t  t h e  s t a r t  of a  water f lood ,  mostly o i l  and gas  a r e  produced. O i l  

product ion peaks when t h e  o i l  bank which i s  pushed ahead of t h e  i n j e c t e d  water 

reaches  t h e  producing w e l l  ( s e e  Figure 12.3). Water breakthrough occurs  soon 

a f t e r  and i n c r e a s e s  u n t i l  i t  i s  no longer  p r o f i t a b l e  t o  produce t h e  we l l .  The 

we l l  i s  then  plugged and abandoned. Many of t h e  we l l s  i n  t h e  o ld  f i e l d s  were 

not plugged proper ly  by modern s tandards .  I t  was common f o r  t h e  opera tor  t o  

recover  sa lvageable  equipment and l eave  w e l l s  unplugged due t o  changes i n  t h e  

1919 plugging and abandonment s t a t u t e s  which allowed a  we l l  t o  remain 

unplugged i f  i t  had p o t e n t i a l  use  a s  a  water i n j e c t o r .  

Some of t h e  h i s t o r i c a l  d r i l l i n g  and completion methods descr ibed  i n  t h i s  

s e c t i o n  a r e  s t i l l  common p r a c t i c e s  i n  t h e  o i l  f i e l d s  today. DEC i s  aware of 

t h e  problems a s soc i a t ed  wi th  t h e s e  p r a c t i c e s  and t h e i r  p o t e n t i a l  impact on t h e  

environment. Considerable  e f f o r t  by t h e  Department i s  being concent ra ted  i n  

t h i s  a r e a  t o  formulate  environmental ly  sound and economically f e a s i b l e  s t r a t e g y .  

b. Current  Waterflood Operat ions - Current  p r a c t i c e s  f o r  d r i l l i n g  

waterf lood product ion and i n j e c t i o n  w e l l s  c l o s e l y  resemble those  used t o  d r i l l  

w e l l s  i n  pas t  yea r s  i n  t h e  old o i l  f i e l d s  except  t h a t  su r f ace  ca s ing  i s  now 

requi red  t o  be cemented a t  l e a s t  75 f e e t  below t h e  lowest f r e s h  water zone. 

Waterflood we l l  d r i l l i n g  a c t i v i t y  peaked i n  t h e  yea r s  immediately 

fol lowing t h e  l e g a l i z a t i o n  of waterf looding i n  1919. This  increased  a c t i v i t y  

cont inued through World War I1 but  then began t o  d e c l i n e  and f l u c t u a t e  through 

t h e  mid 1960's i n  response t o  market condi t ions .  During t h e  o i l  c r i s i s  of t h e  

1970's.  i n c r e a s e s  i n  waterf lood d r i l l i n g  a c t i v i t y  were observed wi th  peaks 

occur r ing  i n  1974, 1977 and 1978. 

D r i l l i n g  - Presen t ly ,  most of t h e  d r i l l i n g  a c t i v i t y  i n  waterf lood a r e a s  

i s  pe r iphe ra l  expansion of e x i s t i n g  opera t ions .  Waterflood ope ra to r s  d i r e c t  

much of t h e i r  a c t i v i t i e s  t o  product ion,  plugging and abandonments, s tep-out  

d r i l l i n g  of product ion w e l l s  and conversions of product ion w e l l s  t o  i n j e c t o r s .  
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Both a i r  r o t a r y  and c a b l e  t o o l  r i g s  a r e  used i n  wate r f lood  d r i l l i n g  

o p e r a t i o n s .  The d e c i s i o n  i s  based on o p e r a t i n g  c o s t s ,  t ime c o n s t r a i n t s ,  o r  

o p e r a t o r  p r e f e r ence .  S ince  t h e  fo rmat ions  i n  New York 's  wa t e r f l ood  a r e a s  a r e  

u s u a l l y  600 t o  2,000 f e e t  deep and a r e  p r a c t i c a l l y  d e p l e t e d ,  w i th  low 

p r e s s u r e s ,  e i t h e r  method can adequa te ly  meet d r i l l i n g  needs.  

Casing and Cementing - A s  mentioned p r ev ious ly ,  w e l l s  d r i l l e d  i n  t h e  o l d  

o i l  f i e l d s  were cased and cemented u t i l i z i n g  t h e  a v a i l a b l e  technology a t  t h a t  

t ime.  However, many of t oday ' s  problems a r e  t h e  r e s u l t  of t h a t  technology. 

Conductor p ipe  was g e n e r a l l y  d r i v e n  i n  f o r  h o l e  s t a b i l i z a t i o n ,  and s u r f a c e  

p ipe  would then  be s e t  below any h igh  r a t e  wate r  zones. Th i s  p ipe  was r a r e l y  

cemented. I f  cement was used, minimal amounts would be g rou ted  from t h e  t o p  

and/or  d i sp l aced  from t h e  bottom of t h e  ho l e .  Using minimal cement was a  

common p r a c t i c e  f o r  c a b l e  t o o l  o p e r a t i o n s ,  s i n c e  c a b l e  t o o l  d r i l l i n g  does  no t  

c r e a t e  t o rque  on t h e  s u r f a c e  p ipe .  A s  r o t a r y  r i g s  became more popula r ,  

g r e a t e r  amounts of cement were r equ i r ed  t o  p reven t  e r o s i o n  of t h e  fo rmat ion  a t  

t h e  c a s i n g  s e a t  and disassembly of t h e  c a s i n g  from t h e  t o rque  of t h e  r o t a r y  

a c t i o n .  S t i l l ,  t h e  c a s ing  was r a r e l y  cemented t o  t h e  s u r f a c e .  

The Fede ra l  U I C  Program, enac ted  i n  t h e  Sa f e  Water Drinking Act of 1974, 

r e q u i r e d  t h a t  o p e r a t o r s  cement t h e  s u r f a c e  p ipe  of a l l  i n j e c t i o n  w e l l s  from 

t h e  c a s i n g  s e a t  t o  t h e  s u r f a c e .  Many o p e r a t o r s  responded by cementing t h e  

s u r f a c e  s t r i n g s  of t h e i r  i n j e c t i o n  and produc t ion  w e l l s  ( r e a l i z i n g  t h a t  t h e  

producing w e l l  may be conver ted  t o  an i n j e c t o r  i n  t h e  f u t u r e ) .  A s  DMN met 

i n i t i a l  s t a f f i n g  requ i rements  i n  1982, t h e  cement requ i rements  f o r  g a s  w e l l  

development, of 450 f e e t  of c a s i n g  o r  100 f e e t  i n t o  bedrock,  whichever i s  

g r e a t e r ,  were app l i ed  t o  t h e  o l d  o i l  f i e l d s  w i t b  s l i g h t  mod i f i c a t i ons  of 

c a s ing  dep th .  Less  s u r f a c e  c a s i n g  was approved on an i n d i v i d u a l  b a s i s .  

By 1983, o i l  f i e l d  o p e r a t o r s  were r equ i r ed  t o  cement t h e i r  water  s t r i n g s  



t o  t h e  s u r f a c e ,  u n l e s s  good cause  cou ld  be demonstra ted t o  waive t h e  

requ i rement .  

Today, o p e r a t o r s  run  anywhere from 300 t o  500 f e e t  of 7-inch s u r f a c e  p i p e  

depending on t h e  dep th  of t h e  deepes t  f r e s h w a t e r  zone. I n  most a r e a s  of t h e  

S t a t e ,  bedrock and p o t a b l e  wa te r  zones  a r e  v e r y  near  t h e  s u r f a c e ,  hence 

adequa te  p r o t e c t i o n  i s  r e a l i z e d .  Another problem a s s o c i a t e d  w i t h  cementing i n  

t h e  o i l  f i e l d s  of sou thwes te rn  New York i s  a  s p o r a d i c  " t h i e f "  o r  l o s t  

c i r c u l a t i o n  zone. Where p r e s e n t ,  t h i s  zone i s  h i g h l y  f r a c t u r e d  and permeable,  

and cement i s  l o s t .  I n  some a r e a s  t h e  l o s t  c i r c u l a t i o n  zone a p p e a r s  a s  a  

s m a l l  cavern  caused by d r i l l i n g  d i s t u r b a n c e .  The fo l lowing  methods a r e  used 

t o  cement " t h i e f  zones": 

a .  Se t  s u r f a c e  c a s i n g  above t h e  " t h i e f  zone" and i s o l a t e  t h e  remaining 

w e l l b o r e  w i t h  cement o r  a  packer  s o  t h a t  a n n u l a r  f l u i d s  w i l l  not  be l o s t .  

b. Se t  s u r f a c e  c a s i n g  through t h e  " t h i e f  zone" and add a p p r o p r i a t e  l o s t  

c i r c u l a t i o n  m a t e r i a l  t o  t h e  cement i n  o r d e r  t o  p lug  o f f  t h e  zone. 

c .  I f  t h e  zone i s  c l o s e  t o  t h e  s u r f a c e ,  DMN may approve,  on an i n d i v i d u a l  

b a s i s ,  t h e  c i r c u l a t i o n  of cement t o  t h i s  zone i n s t e a d  of t o  t h e  s u r f a c e .  

The o p e r a t o r  must demons t ra te  t h a t  t h e r e  i s  no chance of m i g r a t i o n  i n t o  

f r e s h w a t e r  zones .  

Procedures  a  and c  r e q u i r e  DMN a p p r o v a l  a s  does  any a l t e r n a t e  p l a n  of 

a c t i o n .  

The most commonly used method i n  i n d u s t r y  today f o r  cementing t h e  s u r f a c e  

c a s i n g  i s  t h e  pump and c i r c u l a t e  t echn ique .  However, approximately  70 percen t  

of t h e  s u r f a c e  c a s i n g  cement jobs  i n  New York 's  wa te r f lood  f i e l d s  u t i l i z e d  

o t h e r  methods such a s  t h e  displacement  o r  g r o u t i n g  t echn ique .  

The displacement  method r e q u i r e s  t h e  a p p r o p r i a t e  amount of cement t o  be 

p laced  i n  t h e  h o l e  p r i o r  L O  s e t t i n g  t h e  s u r f a c e  p ipe .  A f t e r  t h e  cement i s  

p laced  i n  t h e  h o l e ,  s u r f a c e  c a s i n g  i s  run  i n t o  t h e  h o l e  w i t h  a  p lug on t h e  



end. A s  t h e  casing moves through t h e  cement, cement i s  d isp laced  around the  

pipe. Water i s  con t inua l ly  added t o  the  cas ing  t o  prevent i t  from f l o a t i n g .  

Grouting i s  accomplished by pumping cement from the  su r face  through 

smal le r  diameter tubing  placed down the  annular space. However, blockage o r  

br idging  can occur up hole  which would r e q u i r e  remedial cement opera t ions .  

Pumping and c i r c u l a t i n g  a s  s p e c i f i e d  i n  Chapter 9  i s  t h e  most common 

and e f f e c t i v e  method f o r  cementing opera t ions .  Here su r face  casing i s  

i n s t a l l e d ,  and the  cement i s  pumped down the  pipe followed by a  plug and water 

which d i sp laces  cement up around t h e  su r face  p ipe .  The plug and water prevent 

backflow and f l o a t i n g  of t h e  cas ing .  

The production and i n j e c t i o n  s t r i n g  i s  usual ly  1  112 t o  2 318 inch tubing 

which i s  run from t h e  s u r f a c e  t o  t o t a l  depth. This  tubing i s  e i t h e r  s e t  on a  

packer,  and/or cemented above t h e  producing zone i n  t h e  i n j e c t i o n  wel l s .  

S t imula t ion  - A s  mentioned previously,  hydraul ic  f r a c t u r i n g  (hydro- 

f r a c t u r i n g )  i s  more commonplace than n i t r o g l y c e r i n  s t imu la t ion .  Hydro- 

f r a c t u r i n g  a p p l i e s  energy a t  a  slower and more con t ro l l ed  r a t e  t o  t h e  

formation, minimizing formation damage. 

General ly,  one o r  more zones need t o  be s t imula ted  and a  mult i -s tage 

s t imula t ion  i s  performed. Sometimes these  zones must be notched t o  accept  

s t imu la t ion  f l u i d s .  Notching is accomplished by running 1  112 inch pipe which 

con ta ins  a  s p e c i a l  end nozzle.  This  pipe i s  suspended i n  t h e  hole with t h e  

nozzle opposi te  t h e  deepest  product ion zone. Sand and a i r  a r e  then pumped 

down t h e  hole and e j ec t ed  out  t he  nozzle which i s  or ien ted  90" from t h e  bottom 

of the  pipe so t h a t  t h e  a i r  and sand a r e  d i r e c t e d  toward the  sand face .  A s  

t h e  sand i s  forced out  t h e  nozzle,  t he  pipe i s  r o t a t e d  t o  c r e a t e  a  360° notch 

i n t o  t h e  production zone. Af ter  t h e  f i r s t  notch i s  completed, t h e  pipe i s  

moved t o  the  next higher  zone and t h e  process begins again,  u n t i l  a l l  the  



notches  have been formed. 

A f t e r  no tch ing ,  t h e  zones  a r e  h y d r a u l i c a l l y  f r a c t u r e d ,  u s u a l l y ,  i n  one of 

two ways. The l e s s  commonly used method employs a " s t r a d d l e  packer". Th i s  

packer h a s  two rubbe r s  and i s  run- in  on 3 i n c h  t ub ing  so  t h a t  t h e  rubbe r s  . 

s t r a d d l e  t h e  lowest  notch.  The packer i s  t h e n  s e t  and p r e s s u r i z e d  water  and 

sand w i th  smal l  amounts of a d d i t i v i e s ,  s u r f a c t a n t ,  a c i d  and /or  foam a r e  f o r ced  

through p e r f o r a t i o n s  i n  t h e  p ipe  between t h e  rubbe r s  and i n t o  t h e  format ion.  

F r a c t u r e  p r e s s u r e s  range  from 1,500 t o  3,500 p s i  w i th  p r e s s u r e s  o c c a s i o n a l l y  

exceeding 4,000 p s i .  A f t e r  t h e  f r a c t u r i n g  i s  complete ,  t h e  s t r a d d l e  packer  i s  

moved u p h o l e . t o  t h e  next h i g h e r  no tch  and t h e  p rocess  is  r epea t ed .  

The more common method i n v o l v e s  an  i n j e c t i o n  of  f r a c t u r e  f l u i d s  down a 3 

i n c h  p ipe  s e t  on a s i n g l e  rubber  packer .  The ho l e  i s  f i l l e d  w i th  pea g r a v e l  

t o  j u s t  below t h e  upper most no tch  and t h e  packer i s  s e t  j u s t  above t h e  notch 

and t h e  zone is  then  t r e a t e d  by t h e  same f r a c t u r i n g  procedures .  Af t e r  t h e  

f r a c t u r e  i s  complete ,  t h e  pea g r a v e l  i s  c leaned  ou t  t o  t h e  next  lower no tch  

and t h e  p roce s s  i s  r epea t ed .  

Completion - A f t e r  t h e  w e l l  i s  s t i m u l a t e d ,  most i n j e c t i o n  and produc t ion  
2. . 

w e l l s  a r e  completed open-hole w i t h  t h e  t ub ing  end j u s t  above t h e  wate r f looded  

hor izon .  

I n j e c t i o n  t ub ing  i s  hung from t h e  s u r f a c e  and s e t  on packers  and cement . 

o r  sometimes by cement a lone .  F r equen t l y ,  o p e r a t o r s  w i l l  cement from t h e  

bottom of t h e  s t r i n g  t o  approx imate ly  100 f e e t  above. When l e a k s  occur  i n  t h e  

c a s i n g  o r  t ub ing ,  t h e  o p e r a t o r  r u n s  a 1-inch macaroni s t r i n g  w i t h  a pack-off 

element which s e r v e s  a s  t h e  i n j e c t i o n  s t r i n g  and t h e  t ub ing  becomes a form of 

c a s ing .  

Produc t ion  w e l l s  a r e  completed i n  a s i m i l a r  manner a s  i n j e c t i o n  w e l l s  

except  t h a t  2 3 / 8  i n c h  t ub ing  i s  hung from t h e  s u r f a c e  by a t ub ing  head and 

remains  suspended i n  t h e  borehole .  I f  t h e  w e l l  is  t o  be pumped, a pump b a r r e l  



i s  r u n  on  t h e  t u b i n g  and a  pump p lunger  i s  i n s e r t e d  w i t h  sucker  rods .  The 

t u b i n g  t o  b o r e h o l e  annu lus  remains open from t o t a l  dep th  t o  s u r f a c e  where i t  

connec t s  t o  a  g a s  l i n e .  A s  long  a s  t h e  s u r f a c e  c a s i n g  i s  cemented from below 

t h e  f r e s h w a t e r  zones  t o  t h e  s u r f a c e  and t h e  f o r m a t i o n s  above t h e  producing 

hor izon  a r e  impermeable, t h i s  complet ion method is  env i ronmenta l ly  a c c e p t a b l e .  

A few o p e r a t o r s  s e t  t h e  p roduc t ion  t u b i n g  w i t h  cement, but  t h i s  method 

can r e s u l t  i n  g a s  i n t e r f e r e n c e  and g a s  l o c k i n g  of t h e  pump. Other  o p e r a t o r s  

do  n o t  run  s u r f a c e  c a s i n g  but  do r u n  4 o r  6 i n c h  p roduc t ion  c a s i n g  and cement 

t h i s  s t r i n g  t o  t h e  s u r f a c e .  

P roduc t ion  - The m a j o r i t y  of producing w e l l s  a r e  pumped by a  s i n g l e  w e l l  

j ack  ( a  type  of pumping u n i t )  o r  by j a c k s  connected t o  a  c e n t r a l  power u n i t .  

Produced f l u i d s  a r e  piped through 2  i n c h  l i n e s  t o  a  g r a v i t y  s e p a r a t o r  where 

o i l  i s  piped i n t o  s t o c k  t a n k s  f o r  s a l e .  F i g u r e  12.3 i n d i c a t e s  a  t y p i c a l  

arrangement f o r  a  wa te r f lood  p roduc t ion  p r o j e c t .  

When produced g a s  i s  a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s ,  i t  i s  piped t o  

s p e c i f i c  a r e a s  on t h e  l e a s e  t o  run  eng ines  and t o  h e a t  t a n k s  o r  i t  may be 

g iven  t o  landowners f o r  domest ic  use .  Gas i s  a l s o  c o l l e c t e d  from t h e  t u b i n g  

boreho le  annu lus  and e n t e r e d  i n t o  t h e  l e a s e  g a s  l i n e  system. When t h e  g a s  

cannot  be e f f i c i e n t l y  u t i l i z e d  by one of t h e s e  methods, t h e  g a s  i s  vented.  

Br ine  Disposa l  - Produced b r i n e s  commonly c o n t a i n  chemical  c o n s t i t u e n t s  

ind igenous  t o  t h e  produced hydrocarbons and t h e  format ion.  They u s u a l l y  have 

h i g h  c o n c e n t r a t i o n s  of c h l o r i d e s  and t r a c e  c o n c e n t r a t i o n s  of heavy meta l s .  

Aromatics such a s  benzene,  t o l u e n e ,  xy lene  and r e l a t e d  compounds can a l s o  

occur  a t  d e t e c t a b l e  l e v e l s  i n  t h e  b r i n e .  However, t h e  produced b r i n e s  

a s s o c i a t e d  w i t h  t h e  wa te r f looded  f i e l d s  i n  New York a r e  ve ry  d i l u t e  a f t e r  70 

y e a r s  of w a t e r f l o o d i n g  w i t h  f r e s h w a t e r .  

Produced wate r  from t h e  s e p a r a t o r s  is  e i t h e r  d i s c h a r g e d  i n t o  s u r f a c e  



w a t e r s  o r  s t o r e d  i n  t a n k s  o r  e a r t h e n  p i t s  p r i o r  t o  d i s p o s a l  i n t o  s u r f a c e  

s t r e a m s  o r  removal f o r  road  s p r e a d i n g .  L e s s  commonly, t h e  b r i n e  i s  t r u c k e d  t o  

a  was te  t r e a t m e n t  p l a n t  f o r  d i s p o s a l .  Holding p i t s  o r  s e t t l i n g  ponds a r e  more 

wide ly  used t h a n  h o l d i n g  t a n k s .  The Department r e q u i r e s  e a r t h e n  p i t s  t o  be 

l i n e d  w i t h  an  impermeable m a t e r i a l  t o  c o n t a i n  t h e  b r i n e  and p reven t  

i n f i l t r a t i o n  i n t o  groundwater .  E f f e c t i v e  March 1, 1985, a  moratorium was 

p l a c e d  on f u t u r e  u n l i n e d  s e p a r a t o r  ponds. Such ponds must be r e p l a c e d  by 

s t o r a g e  t a n k s  o r  l i n e d  w i t h  a n  impermeable m a t e r i a l  a s  v e r i f i e d  by p e r c o l a t i o n  

t e s t s .  

A S t a t e  P o l l u t i o n  Discharge  E l i m i n a t i o n  System permi t  must be r e c e i v e d  

from t h e  Depar tment ' s  D i v i s i o n  of Water,  p r i o r  t o  any d i s c h a r g e  o r  d i s p o s a l  of 

was te  f l u i d s  i n t o  s u r f a c e  w a t e r s  (See  Chapter  1 5  f o r  a d d i t i o n a l  i n f o r m a t i o n ) .  

Convers ion - When a  producing w e l l  i s  conver ted  i n t o  a n  i n j e c t i o n  w e l l ,  

t h e  w e l l  is  s a i d  t o  be  "worked-over". A workover r i g  i s  u s u a l l y  n o t h i n g  more 

t h a n  a  s c a l e d  down, e a s i l y - t r a n s p o r t a b l e  mast and h o i s t .  Many workover r i g s  

i n  New York c o n s i s t  of  a  l a r g e  t r u c k  w i t h  welded mast f o r  p u l l i n g  t u b i n g .  

During workover of t h e  w e l l ,  t h e  pump, s u c k e r  r o d s  and t u b i n g ,  i f  n e c e s s a r y ,  

a r e  p u l l e d  and t h e  w e l l  i s  c l e a n e d  o u t  t o  t o t a l  d e p t h .  

Most w a t e r f l o o d  p r o j e c t s  a r e  i n i t i a t e d  i n  o l d  o i l  f i e l d s  where many w e l l s  

were d r i l l e d  p r i o r  t o  p romulga t ion  of env i ronmenta l  r e g u l a t i o n s .  I t  i s  

r e q u i r e d  t h a t  DEC and t h e  Uni ted  S t a t e s  Environmental  P r o t e c t i o n  Agency (EPA) 

be n o t i f i e d  when a  p r o d u c t i o n  w e l l  i s  c o n v e r t e d  i n t o  a n  i n j e c t i o n  w e l l .  

Severe  env i ronmenta l  problems, p a r t i c u l a r l y  con tamina t ion  of p o t a b l e  w a t e r ,  

have o c c u r r e d  i n  t h e  p a s t  when o p e r a t o r s  have proceeded w i t h  convers ion  of o l d  

w e l l s  wi thou t  t h e  n e c e s s a r y  e v a l u a t i o n  of  c o n v e r s i o n  p rocedures  and p o t e n t i a l  

env i ronmenta l  impac t s  which a r e  made d u r i n g  t h e  p e r m i t t i n g  p r o c e s s .  DEC s t a f f  

r ev iew t h e  proposed c a s i n g  program and d e t e r m i n e  i f  any unplugged abandoned 

w e l l s  a r e  i n  c l o s e  p rox imi ty  t o  t h e  proposed i n j e c t i o n  w e l l .  



c .  I n j e c t i o n  O p e r a t i o n s  - A g e n e r a l  " r u l e  of thumb" f o r  wa te r f looded  

f i e l d s  i n  wes te rn  New York i s  t h a t  10 t o  15 b a r r e l s  of  i n j e c t i o n  wa te r  a r e  

needed t o  r e c o v e r  one b a r r e l  of o i l .  S a l e  of p r e s s u r i z e d  wa te r  between 

f a c i l i t i e s  i s  a  common p r a c t i c e  among New York o p e r a t o r s .  

I n j e c t i o n  Water - Freshwate r  from d r i l l e d  w a t e r  w e l l s  o r  r e c y c l e d  b r i n e  

from t h e  l e a s e  s e p a r a t o r  can be  used f o r  i n j e c t i o n  w a t e r .  Water s u p p l y  w e l l s  

f o r  t h e  f l o o d s  a r e  completed i n  e i t h e r  s h a l l o w  g r a v e l  d e p o s i t s ,  20 t o  50 f e e t  

deep,  o r  i n  bedrock,  100 t o  300 f e e t  deep.  The wa te r  from t h e  g r a v e l  zone i s  

c h e m i c a l l y  l e s s  s t a b l e  and more c o r r o s i v e  t h a n  t h e  wa te r  from t h e  deeper  

s o u r c e  w e l l s ,  which c o n t a i n s  no d i s s o l v e d  oxygen. The s h a l l o w  w a t e r  s o u r c e  

w e l l s ,  however, produce 50 t o  150 g a l l o n s  of w a t e r  p e r  minute w h i l e  t h e  deep 

wa te r  s o u r c e  w e l l s  produce 30 t o  85  g a l l o n s  p e r  minute (NYS Geolog ica l  

A s s o c i a t i o n ,  1957).  

Produced wa te r  o r  b r i n e  is sometimes r e c y c l e d  and r e i n j e c t e d  i n t o  t h e  

fo rmat ion  a l t h o u g h  t h i s  i s  no t  a  common p r a c t i c e  i n  New York 's  o i l  f i e l d s .  

The l o c a l  b r i n e  r e q u i r e s  e x t e n s i v e  chemica l  t r e a t m e n t  and f i l t r a t i o n  p r i o r  t o  

i n j e c t i o n  and c o n t a i n s  more i m p u r i t i e s  t h a n  f r e s h w a t e r .  

Chemical Treatment and F i l t r a t i o n  - P r i o r  t o  i n j e c t i o n ,  t h e  wa te r  is 

ana lyzed  f o r  d i s s o l v e d  oxygen, f r e e  ca rbon  d i o x i d e  and pH range.  T e s t s  a r e  

a l s o  conducted t o  de te rmine  t h e  p resence  and amount of s u l f a t e s , . i r o n ,  

manganese, a l k a l i n e s ,  c h l o r i d e s ,  s i l i c a ,  ca lc ium,  magnesium and t o t a l  s o l i d s .  

The s i z e  of t h e  s e t t l i n g  t a n k s  and t h e  chemica l  t r e a t m e n t  n e c e s s a r y  a r e  

de te rmined  from t h e s e  a n a l y s e s .  

Chemicals such  a s  c o a g u l a t e s ,  c a u s t i c  m a t e r i a l s  and c h l o r i n e  may be added 

t o  remove heavy m i n e r a l s ,  r a i s e  t h e  pH from 6.5 t o  8 . 4  and p reven t  b a c t e r i a l  

growth which can  p lug  t h e  fo rmat ion  and cause  t h e  f a i l u r e  of a  w a t e r f l o o d .  

A f t e r  chemica l  t r e a t m e n t  t h e  w a t e r  i s  sometimes f i l t e r e d  th rough  sand ,  o r  sand 



and g r a v e l  f i l t e r s .  I f  h i g h  q u a l i t y  w a t e r  i s  r e q u i r e d ,  d ia tomaceous  e a r t h  

f i l t e r s  a r e  used.  A n t h r a c i t e  c o a l  f i l t e r s  were used e x t e n s i v e l y  i n  t h e  p a s t  

t o  remove heavy meta ls , .  f o r e i g n  p a r t i c l e s  and b a c t e r i a ,  and a r e  s t i l l  used i n  

some f i e l d s  today .  Sometimes, t h e  w a t e r  i s  a l s o  c h e m i c a l l y  t r e a t e d  a f t e r  

f i l t r a t i o n  w i t h  c o r r o s i o n  i n h i b i t o r s ,  s e q u e s t e r i n g  a g e n t s  and a d d i t i o n a l  

b a c t e r i c i d e s .  

I n j e c t i o n  P r e s s u r e  and Ra te  - A f t e r  chemica l  t r e a t m e n t  and f i l t r a t i o n ,  

t h e  w a t e r  i s  e i t h e r  s t o r e d  i n  t a n k s  p r i o r  t o  i n j e c t i o n  o r  i n j e c t e d  d i r e c t l y  

from t h e  f i l t e r s .  Pumps p rov ide  t h e  p r e s s u r e  n e c e s s a r y  f o r  i n j e c t i o n .  

I n j e c t i o n  p r e s s u r e s  f o r  t h e  low p e r m e a b i l i t y  o i l  s a n d s  i n  New York a r e  h igh .  

I f  i n j e c t i o n  p r e s s u r e s  exceed t h e  f r a c t u r e  p r e s s u r e  of  t h e  fo rmat ion ,  which 

v a r i e s  from .92 t o  2.4 p s i  p e r  f o o t  of  d e p t h  o r  1 ,500 - 4,000 p s i  a t  t h e  

f o r m a t i o n  f a c e  f o r  New York o i l  s a n d s ,  t h e  i n j e c t i o n  f l u i d  cou ld  be  l o s t  t o  

o t h e r  f o r m a t i o n s  and p o s s i b l y  b reak  th rough  i n t o  o v e r l y i n g  f r e s h w a t e r  a q u i f e r s  

th rough  propagated o r  e x i s t i n g  f r a c t u r e s .  

A s t e p - r a t e  t e s t  which is r e l a t i v e l y  s imple ,  i n e x p e n s i v e  and f a s t ,  can be 

used t o  e s t i m a t e  fo rmat ion  f r a c t u r e  p r e s s u r e .  The r e s u l t s  of  a  t y p i c a l  s t e p  

r a t e  t e s t  f o r  a  New York i n j e c t i o n  w e l l  a r e  shown i n  F i g u r e  12.4. These t e s t s  

d e f i n e  t h e  maximum i n j e c t i o n  p r e s s u r e  t h a t  can  be  approached wi thou t  

f r a c t u r i n g  t h e  r e s e r v o i r  rock  and must be  c o n s i d e r e d  a s  an  i n t e g r a l  p a r t  of 

any w a t e r f l o o d i n g  o p e r a t i o n .  

Moni to r ing  of I n j e c t i o n  Wel l s  - Monitor ing of  i n j e c t i o n  w e l l s  t o  

de te rmine  t h e  r a t e  and p r e s s u r e  of i n j e c t e d  w a t e r  and t o  d e t e c t  l e a k s  and 

p o s s i b l e  m i g r a t i o n  i s  i m p o r t a n t .  Ra te  and p r e s s u r e  r e c o r d e r s  o r  m e t e r s  a r e  

normal ly  i n s t a l l e d  on e a c h  i n j e c t i o n  pump and f lowmete r s  o r  p r e s s u r e  r e c o r d i n g  

hook-ups a r e  i n s t a l l e d  on i n p u t  w e l l s .  However, n o t  e v e r y  i n j e c t i o n  w e l l  i n  

t h e  w a t e r f l o o d e d  f i e l d s  i s  equipped w i t h  a  f lowmeter o r  p r e s s u r e  gauge. 

C u r r e n t  r e g u l a t i o n s  r e q u i r e  each  o p e r a t o r  o f  a  w a t e r f l o o d  p r o j e c t  keep r e c o r d s  





and submit an annual s ta tement  showing t h e  volumes of f l u i d  i n j e c t e d  and 

produced and the  i n j e c t i o n  p re s su re s .  

3. Plugging and Abandonment 

Pas t  plugging p r a c t i c e s ,  a l though undertaken wi th  good i n t e n t i o n ,  were 

p r imi t i ve  by today ' s  s t anda rds  and may u l t i m a t e l y  cause s i g n i f i c a n t  

environmental problems. The e a r l i e s t  abandonment method cons i s t ed  of p u l l i n g  

ca s ing  and depos i t i ng  d e b r i s  rock,  wooden p lugs ,  o r  waste metal ,  e t c . ,  i n  t h e  

hole .  La t e r ,  a s  waterf looding became more widespread and i n j e c t i o n  p re s su re s  

i nc reased ,  such ho le s  r equ i r ed  a  b e t t e r  s e a l a n t  f o r  succes s fu l  ope ra t i ons .  

S e t t i n g  plugs of seasoned t imber  on t o p  of b r idges  made of d e b r i s  was an 

accepted method of plugging u n t i l  t h e  l a t e  1960's.  By t h e  19701s,  t h e  t imber 

plugs used f o r  abandonments were s e t  a t  s p e c i f i e d  depths  and topped wi th  

cement t o  s e a l  o f f  producing formations and p r o t e c t  groundwater. 

Ear ly  r eco rds  a r e  s ca rce .  DMN i s  t r y i n g  t o  ga the r  in format ion  on the  

l o c a t i o n  and plugging procedure of abandoned we l l s  i n  o rde r  t o  prevent  f u r t h e r  

contaminat ion and t o  p inpoin t  s p e c i f i c  problems. Many thousands of improperly 

plugged and abandoned we l l s  may e x i s t  i n  western New York. These we l l s  a r e  

l i k e l y  a  primary c o n t r i b u t i n g  f a c t o r  t o  some of t h e  c u r r e n t  environmental 

problems. 

Waterflood i n j e c t i o n  and product ion w e l l s  a r e  plugged i n  t h e  same manner 

a s  o t h e r  o i l  and gas  w e l l s  i n  New York. Operators  must r ece ive  a  permit from 

DMN p r i o r  t o  commencing any plugging and abandonment ope ra t i ons .  Ex i s t i ng  

requirements  a r e  t h a t  15 foo t  cement plugs be s e t :  1. above i n j e c t e d  

formations,  2 .  above any producing formation,  3. below t h e  su r f ace  ca s ing  shoe 

and, 4 .  a t  t h e  su r f ace .  I n  a d d i t i o n ,  t h e  i n t e r v a l s  between t h e  plugs must be 

f i l l e d  wi th  mud o r  another  approved f l u i d  t o  s t a b i l i z e  t h e  hole  and prevent  



f l u i d  m i g r a t i o n .  

Some of t h e  f o l l o w i n g  enhanced r e c o v e r y  methods have been used on a  

l i m i t e d  b a s i s  i n  New York S t a t e .  Other  methods a r e  u n t e s t e d  i n  New York b u t  

may have f u t u r e  a p p l i c a t i o n .  A b r i e f  d e s c r i p t i o n  of t h e  a p p l i c a t i o n  i n  New 

York w i l l  be  d i s c u s s e d  immediate ly  a f t e r  each s e c t i o n .  

D. GAS INJECTION AND IMMISCIBLE DISPLACEMENT 

1. Genera l  

Gas is sometimes i n j e c t e d  i n t o  an  o i l  zone o r  i t s  g a s  c a p  t o  improve 

recovery .  T h i s  g a s  may c o n s i s t  of f l u e  g a s ,  l e a s e  g a s ,  o r  i n e r t  g a s .  The 

i n j e c t e d  g a s  c a n  s e r v e  a s  a  d i sp lacement  f l u i d  o r  a s  a  mechanism t o  r e s t o r e  

and m a i n t a i n  p r e s s u r e  i n  t h e  r e s e r v o i r .  

Gas i n j e c t e d  i n t o  a  g a s  c a p  h e l p s  m a i n t a i n  r e s e r v o i r  p r e s s u r e  and enhance 

g r a v i t a t i o n a l  f o r c e s  which d i s p l a c e  o i l  downward t o  producing w e l l s  ( L a t i l ,  

1980) .  T h i s  i s  r e f e r r e d  t o  a s  a  p r e s s u r e  maintenance o p e r a t i o n .  Gas i n j e c t e d  

d i r e c t l y  i n t o  t h e  o i l  zone i s  c a l l e d  d i s p e r s e d  g a s  i n j e c t i o n  o r  immisc ib le  

d i sp lacement  ( I n t e r s t a t e  O i l  Compact Commission, 1983).  I n  t h e o r y ,  t h e  g a s  

f l o w s  r a d i a l l y  from t h e  i n j e c t o r s ,  d i s p l a c i n g  o i l  toward t h e  p roducers .  The 

d e c i s i o n  t o  i n j e c t  g a s  is o f t e n  based on t h e  a v a i l a b i l i t y  of  s u f f i c i e n t  

s u p p l i e s  of i n e x p e n s i v e  g a s .  Recycled produced g a s  i s  sometimes used,  b u t  

r e s e r v o i r  p r e s s u r e  w i l l  c o n t i n u e  t o  d e c l i n e  and a  supp lementa l  s u p p l y  of g a s  

must e v e n t u a l l y  be  secured .  

Gas r e q u i r e s  v e r y  l i t t l e ,  i f  any,  t r e a t i n g  and i t  can  be  i n j e c t e d  a t  h i g h  

r a t e s  i n t o  a  minimum number of i n j e c t i o n  w e l l s .  I t  i s  a  poor d i s p l a c i n g  

f l u i d ,  however, because  of i t s  low v i s c o s i t y .  

Gas i n j e c t i o n  f o r  p r e s s u r e  maintenance i s  most e f f i c i e n t  i n  c r e s t a l  w e l l s  

of  r e s e r v o i r s  w i t h  a  s t e e p  a n t i c l i n a l  s t r u c t u r e .  I f  t h e  r e s e r v o i r  h a s  enough 

v e r t i c a l  r e l i e f ,  such t h a t  g r a v i t y  s e g r e g a t i o n  o f  t h e  r e s e r v o i r  f l u i d s  can 

o c c u r ,  t h e n  i n c r e m e n t a l  o i l  r e c o v e r y  by g a s  i n j e c t i o n  c a n  e q u a l  t h a t  of  a  



w a t e r  d r i v e  o p e r a t i o n .  

H i s t o r i c a l l y ,  d i s p e r s e d  g a s  i n j e c t i o n  o r  immisc ib le  d i sp lacement  p r o j e c t s  

r a r e l y  r e c o v e r  more t h a n  5 p e r c e n t  o f  t h e  OOIP. V a r i a t i o n s  i n  v e r t i c a l  

p e r m e a b i l i t y  and t h e  h i g h  m o b i l i t y  r a t i o  between o i l  and g a s  u s u a l l y  r e s u l t s  

i n  g a s  channe l ing  o r  o v e r - r i d e  of t h e  o i l  and t h u s  r e d u c i n g  i n c r e m e n t a l  o i l  

r ecovery .  

New York 's  o i l  f i e l d s  a r e  c l a s s i c  examples of  poor c a n d i d a t e s  f o r  g a s  

i n j e c t i o n  because  t h e y  a r e  h o r i z o n t a l  s t r u c t u r e s  w i t h  no g a s  cap.  

2 .  New York ' s  Gas I n j e c t i o n  O p e r a t i o n s  

Gas i n j e c t i o n  was t h e  f i r s t  method of  enhanced r e c o v e r y  t r i e d  i n  New 

York. The g a s  was i n j e c t e d  w h i l e  a  producer  was p laced  on a  vacuum which 

i n c r e a s e d  t h e  p r e s s u r e  d i f f e r e n t i a l  between . the  i n j e c t i o n  and p r o d u c t i o n  w e l l .  

Only a  s l i g h t  o i l  p r o d u c t i o n  i n c r e a s e  was r e a l i z e d  u t i l i z i n g  t h i s  method. 

The f o l l o w i n g  t h r e e  s e c t i o n s  d e a l  w i t h  what many f e e l  a r e  t r u e  enhanced 

o r  t e r t i a r y  recovery  methods - chemical ,  t h e r m a l ,  and m i s c i b l e .  These 

enhanced o i l  r ecovery  p r o c e s s e s  o f f e r  a  g r e a t  p o t e n t i a l  f o r  f u r t h e r  o i l  

p r o d u c t i o n  from s e l e c t e d  r e s e r v o i r s  meet ing t h e  a p p r o p r i a t e  s c r e e n i n g  

c r i t e r i a .  

E. CHEMICAL RECOVERY METHODS 

Chemical ly  enhanced recovery  methods i n v o l v e  t h e  a d d i t i o n  of chemicals  t o  

i n j e c t i o n  wate r  which a l t e r s  f l u i d  p r o p e r t i e s  a n d / o r  i n t e r f a c i a l  t e n s i o n  

c o n d i t i o n s  such t h a t  more o i l  i s  produced. Chemical methods i n v o l v e  t h e  u s e  

of polymers,  s u r f a c t a n t s  and a l k a l i n e  s o l u t i o n s .  

1. Polymer F lood ing  

The p r i n c i p a l  t y p e s  of polymers used a r e  po lyacry lamides ,  p o l y s a c c h a r i d e s  

and e t h y l e n e  polyoxide (xan than  biopolymers)  ( L a t i l ,  1980). Polyacrylamides  

and biopolymers  a r e  used more commonly. D i l u t e  polymer s o l u t i o n s  remain 

h i g h l y  v i s c o u s  and a r e  used t o  i n c r e a s e  t h e  v i s c o s i t y  of t h e  d i s p l a c i n g  f l u i d s .  



T h i s  i n  t u r n  lowers  t h e  m o b i l i t y  r a t i o  between t h e  o i l  and i n j e c t e d  s o l u t i o n ,  

t h u s  improving sweep e f f i c i e n c y  and i n c r e a s i n g  i n c r e m e n t a l  o i l  r e c o v e r y  

( I n t e r s t a t e  O i l  Compact Commission, 1983).  

Tab le  12.1  l i s t s  t h e  s c r e e n i n g  c r i t e r i a  f o r  EOR c a n d i d a t e s  u t i l i z i n g  

e x i s t i n g  technology.  T h e o r e t i c a l l y ,  polymer f l o o d i n g  can  be a p p l i e d  t o  a  wide 

range  of  r e s e r v o i r  c o n d i t i o n s .  The l i m i t  on f o r m a t i o n  b r i n e  s a l i n i t y  i s  

imposed because  po lyac ry lamide  s o l u t i o n s  degrade when exposed t o  s a l t s .  

Biopolymers a r e  l e s s  s e n s i t i v e  t o  s a l t s  bu t  r e q u i r e  m e t i c u l o u s  f i l t e r i n g  and 

p r o t e c t i o n  from b a c t e r i a .  

2 .  S u r f a c t a n t  F lood ing  

S u r f a c t a n t  f l o o d i n g  i n v o l v e s  t h e  i n j e c t i o n  of m u l t i p l e  s l u g s  c o n t a i n i n g  

chemica l s  which lower t h e  o i l l w a t e r  i n t e r f a c i a l  t e n s i o n .  The mobi l i zed  o i l  

i s  t h e n  c a r r i e d  o u t  of t h e  r e s e r v o i r  a s  a n  emuls ion.  I n  1932, exper iments  

w i t h  soap s o l u t i o n  i n j e c t i o n s  were conducted i n  s a n d s  l o c a t e d  i n  Pennsy lvan ia  

which a l s o  ex tend  i n t o  New York. These  o r i g i n a l  t e s t s  i n i t i a t e d  t h e  r e s e a l c h  

on s u r f a c t a n t  f l o o d i n g .  

A s u r f a c t a n t  f l o o d  b e g i n s  w i t h  i n j e c t i o n  of a  s a l i n e  w a t e r  p r e - f l u s h  

which c o n d i t i o n s  and d i s p l a c e s  t h e  f o r m a t i o n  w a t e r  t o  p r o t e c t  t h e  s u r f a c t a n t  

s o l u t i o n .  S u r f a c t a n t  i n j e c t i o n  i s  fo l lowed  by a  polymer s l u g  f o r  m o b i l i t y  

c o n t r o l  d u r i n g  d i sp lacement .  

G e n e r a l l y ,  s u r f a c t a n t s  a r e  pet roleum s u l p h o n a t e s  d e r i v e d  from c r u d e  o i l  

which have h i g h  i n t e r f a c i a l  a c t i v i t y  and a r e  r e a d i l y  a v a i l a b l e  ( L a t i l ,  1980).  

The c r i t e r i a  used f o r  s c r e e n i n g  p o t e n t i a l  s u r f a c t a n t  f l o o d  c a n d i d a t e s  a r e  

d e t a i l e d  i n  Tab le  12.1. The more s u c c e s s f u l  s u r f a c t a n t  f l o o d s  have been 

conducted i n  l o w - s a l i n i t y ,  low-temperature ,  s a n d s t o n e  r e s e r v o i r s  having 

moderate-to-high p e r m e a b i l i t i e s .  



TABLE 12.1 SCREENING CRITERIA FOR EOR CANDIDATES 

011 Propodlee Rerewolr Characlerlatlco 

Net Averago 
arar l ly  ~ leeo r l l y  011 Formallon Thlcknem Perrneabllily Depth Temporelure 

.API (cp) Compoolllon Sahrrallon Typo ((1) (md) (11) (OF) 

Oar lnleellon Mothodn 

>35 High % of  >30% PV Sandslone or Thin unless >2000 (LPG) 
Hydrocarbon c, - Ct Carbonate dipping N'C' 

to N.C. 
>5000 (H.P. Gas) 

Nitrogen 8 ' >24 High % of  >30% PV Sandslone or Thin unless 
Flue Gas >35 for N, <lo , .  . C, - CI Carbonate dipping N.C. >4500 N.C. 

Curbon Dioxide >26 <15 Hlgh % of >30% PV Sandstone or Thin unless 
C, - C,, Carbonate dipping N.C. >ZOO0 N.C. 

Chemkml Fkod lng 

Surfnclant/ Light inler- 

Polymer >25 <30 medlales >30% PV Sandstone prolorred >10 >20 <8WO <I75 
desired 

Polymer 

Alkaline 

Sandstone 

>25 <I50 
> I 0 9 6  PV preferred; >10 

N'C' Mobile oil Carbonate N'C' (normally) <go'o <zoo 
possible 

Some Above 
13-35 <2W Organic Waterflood N.C. >20 <go00 <ZOO 

Acids Rosidual preferred 

Thormsl 
Sand or 

<40 Some 
Combuslion (10-25 <I000 Asphaltic HO-50% PV >10 >loo' >500 

>I50 
preferred 

normally) Components porosity 

Sand or 

Sleamfloodlng <25 >20 N.C. >4O-50% PV 2;::;; >20 >ZOO' 300-5000 N.C. 

N c NOI C,~IOC.I porosily 
'lrn~rnils~htloly .2Q md I l l c ~  

"lrm~rna$n~nIltly ,100 md nlcp 

. . 

Sourc'e: " ~ e c ~ ~ n i c s l  and Economic C r i t e r i a  f o r  S c l e c c i n ~  ne thnde  and Maccrial'n Eor Enhanced O i l  Rccovcry  ( o r  Why C02 PLLLo c l ~ a  B l l L  i n   he 
... . 

Permlan B a s i n  of New n c x t c o  and T e x a s ) " .  ~ c e r s t a c c  O i l  Compnct Commisoion Commitcec D u l l c t i n .  v o l .  2 6 .  no .  2 .  Dcccmbcr 1 9 8 4 .  







The drawbacks of misc ib le  n i t rogen  i n j e c t i o n  a r e  s i m i l a r  t o  those  of CO 
2 

f looding .  S p e c i f i c a l l y ,  ni t rogen '  r e a c t s  wi th  formation water which r e s u l t s  i n  

t h e  formation of h ighly  co r ros ive  n i t r i c  ac id .  These disadvantages must be 

eva lua ted  c a r e f u l l y  a g a i n s t  a n t i c i p a t e d  increased  production. 

2 .  Miscible  Hydrocarbon Displacement ------ ------ -------- 

Displacement wi th  misc ib le  hydrocarbons i s  achieved by u t i l i z i n g  

hydrocarbon based gases  i n  one of t h r e e  processes .  These a r e  known a s  t h e  

misc ib le  s lug ,  enriched gas ,  and h igh  p re s su re  l ean  gas processes  (Van Poolen 

and Assoc ia tes ,  1980). 

During t h e  misc ib le  s l u g  process ,  a  so lven t  i s  introduced i n t o  t h e  

formation between t h e  o i l  con tac t  and i t s  impermeable conf in ing  zone. A s  t h e  

i n j e c t i o n  proceeds t h e  so lven t  s lowly invades t h e  o i l  bear ing  formation i n  a  

downward fash ion  mobil iz ing t h e  o i l - in-p lace .  The so lvent  s l u g  i s  then 

followed by a  l e s s  expensive mob i l i t y  s l u g  of n a t u r a l  gas  o r  gas  and water  t o  

d i s p l a c e  t h e  o i l .  

Since so lvent  i s  usua l ly  more expensive than o i l ,  economics d i c t a t e  t h a t  

u t i l i z i n g  a...solvent s l u g  process  must be accomplished by a  "recovery and 
3 .  

r ecycle"  method. Reservoi rs  wi th  a  conf in ing  impermeable zone and a  s t e e p  d i p  

can be flooded wi th  reasonable  assurance  t h a t  t h e  so lvent  can be recovered.  

The enriched gas process  c o n s i s t s  of i n j e c t i n g  a  s l u g  of n a t u r a l  gas  

primed with e thane ,  propane and butane,  followed by a  s l u g  of l e a n  gas  o r  l e a n  

gas , and  water.  This  process  r e q u i r e s  h igh  pressure  which can l i m i t  t h e  type 

of r e s e r v o i r s  a v a i l a b l e  f o r  f looding  of t h i s  na ture .  

The high pressure  l e a n  gas  process  i s  s i m i l a r  except only l e a n  gas 

(methane) i s  i n j e c t e d  and t h e  misc ib l e  components a r e  t r a n s f e r r e d  from t h e  o i l  

t o  t h e  gas which forms a  mi sc ib l e  bank. A s  d e t a i l e d  i n  Table 12.1, mi sc ib l e  

hydrocarbon displacement i s  a p p l i c a b l e  t o  formations conta in ing  o i l  w i th  

h ighly  v o l a t i l e  components. Like t h e  enriched process ,  high r e s e r v o i r  
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